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(54) PARTICLE MONITOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the particle 
monitor device, which can readily estimate the 
generating point, the reaching point and the mass of a 
particle, can correct the changing amount of the 
scattered light caused by a distance for estimating the 
magnitude of the particle, can expand the region, 
wherein the relay scattering expression that can achieve 
correspondence with simple numerical computation can 
be applied, and can estimate the magnitude accurately 
by estimating the shape of the particle. 
SOLUTION: The following means are provided. In the 
first means, when the signal strength from a light 
receiving device 14 for measuring scattered light 
exceeds the specified value, the scattered-light 
accepting time of the light receiving device 14 is made long, or the pulse-repetition frequency 
of laser light is made large, or the pulse width of the laserl light 1 3 is made long and the 
movement of a particle 20 is displayed as the locus of the scattered light. In the second 
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means, the straight line connecting the starting point and the end point of the locus is 
overlapped on the locus and displayed, the generating point of the particle is estimated by 
extending the straight line exceeding the starting point, the reaching point of the particle is 
estimated by extending the straight line exceeding the end point and the mass of the particle 
is estimated by dividing the length of the projected image of the straight line in the vertical 
direction by the scattered-light accepting time. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] It is related with the particle monitoring device which 
measures the particle which grows [ occurs and ] and falls in the particle which exfoliates from a process 
unit, or a process on in-situ (spot) and real time with light scattering measurement. 
[0002] 

[Description of the Prior Art] The particle generated within a process unit in the manufacturing process 
of LSI is the big cause of reducing the operating ratio of the yield or equipment. In order to prevent 
these reduction beforehand, the equipment which acts as the monitor of the generating condition of 
particle is developed. 

[0003] These things consist of a laser light source and a photodetector, and there is a thing of the type 
inserted in the exhaust air system of a process unit or the type which attracts the ambient atmosphere of 
a process unit. All carry out counting of the reinforcement and occurrences of the scattered light which 
are generated whenever it passes the inside of the space where a laser beam beam exists the sampled 
measured fluid and particle passes. That by which JP,4-297852,A, JP,3-1 16944,A> IP, 63-1 1838,A, 
JP,62-37160,A, JP,5-206235,A, JP,5-206236,A, JP,7-12707,A, and JP,5-288669,A were indicated as the 
conventional example can be mentioned. 

[0004] By the method of measuring the particle in these sampled measured fluids, there is a problem of 
being hard to take correlation with the yield of particle, and the yield and an equipment operating ratio. 
In order to solve this, the attempt which measures the particle which occurs and floats within equipment 
on in-situ (spot) and real time is performed. 

[0005] This records the laser beam scattered about by installation and particle in the aperture for 
measuring the aperture and the scattered light for introducing a laser beam into a process unit on a video 
tape with a CCD camera, reproduces it, gets to know the generating time of day of the scattered light, 
and a change on the strength, and gets to know generating of particle from the result. 
[0006] as these conventional examples ~ a eel bottle (Gary S.Selwyn) — journal OBU Vacuum Science 
and — the Bth of a technology magazine -- the paper indicated by 3492 pages from 3487 pages of nine 
volumes (1991), and journal OBU Vacuum Science and -- the Ath of a technology magazine — there is a 
paper indicated by 654 pages from 649 pages of 14 volumes (1996). furthermore, applied one by 
Watanabe and others FIJIKUSU The paper indicated by 1512 pages from 1510 pages [ of Letters 
(Applied Physics Letters) ] of the 61st volume (1992), and journal by Shiratani and others OBU 
Vacuum Science and the Ath of a technology magazine — there is a paper indicated by 607 pages 
from 603 pages of 14 volumes (1996). 
[0007] 

[Problem(s) to be Solved by the Invention] The Prior art mentioned above has the following troubles. 
[0008] They are ** BE ******** about the method of measuring the particle in the sampled measured 
fluid in what was indicated by JP,4-297852,A taken up as a conventional example, JP,3-1 16944,A, 
JP,63-11838,A, JP,62-37160,A, JP,5-206235,A, JP, 5-20623 6, A, JP,7-12707,A, and JP,5-288669,A. This 
method is difficult to pinpoint the source location of particle, in order to measure the scattered light after 
performing actuation of a sampling. Therefore, there is a problem of being hard to take correlation with 
the yield of particle, and the yield and an equipment operating ratio, and the source of release of particle 
cannot be specified. 

[0009] moreover, a eel bottle (Gaiy S.Selwyn) - journal OBUBAKYUMU Science and - the Bth of a 
technology magazine -- the paper indicated by 3492 pages from 3487 pages of nine volumes (1991) -- 
moreover, journal OBU Vacuum Science and — the Ath of a technology magazine — the paper indicated 
by 654 pages from 649 pages of 14 volumes (1996) — And applied FIJIKUSU by Watanabe and others 
The paper indicated by 1512 pages from 1510 pages [ of Letters (Applied Physics Letters) ] of the 61st 
volume (1992), and journal by Shiratani and others OBU Vacuum Science and — the Ath of a 
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technology magazine in the paper indicated by 607 pages from 603 pages of 14 volumes (1996) The 
particle which is floating within a process unit is detected with laser light scattering measurement, and 
the spatial distribution of particle and its time amount change are measured. However, if a defect is 
caused for whether the particle currently observed carries out induction of the defect to a wafer, it is 
difficult to know in what kind of path the particle will occur where and will reach a wafer. Therefore, it 
was coped with by repeating cleaning of equipment as the source location was not able to be pinpointed 
and the amelioration portion or components of equipment were not able to be decided, even if the 
particle which causes a poor pattern in a product wafer occurred. That is, the indicator which suppresses 
generating of particle could not be acquired and decline in the operating ratio by cleaning, starting time 
amount, etc. of equipment has not been improved. 

[0010] Moreover, in measurement of the spatial distribution of particle, a laser beam is scanned 
spatially, or breadth is given spatially, and the method of detecting the particle which exists in a laser 
light source is used. In this case, the distance to each source location and detector of the scattered light 
differs, and the scattered-light reinforcement which reaches a detector is in inverse proportion to the 
square of the distance from the source location of the scattered light to a detector. That is, in order to 
presume the magnitude of particle from the reinforcement of the scattered light, it is necessary to amend 
a changed part of the scattered-light reinforcement by distance. However, such [ until now ] amendment 
was not performed. 

[001 1] Furthermore, in order to have presumed the magnitude of particle from the reinforcement of the 
scattered light, it was calculated, having assumed the configuration to be a true ball. However, it is 
known that the particle actually generated in an LSI manufacturing process has much the shape of a thin 
film integrated circuit or a needle. In the particle of such a configuration, scattered-light reinforcement 
changes with the spatial locations to the laser beam which carried out incidence a lot. Therefore, the 
error was large, concerning the particle size of particle, particle size distribution, and number density by 
the presumed method of the magnitude of old particle. 

[0012] Moreover, in spatial distribution measurement of the particle using the conventional light 
scattering measurement, change of the polarization condition of the light which introduced the light in 
the polarization condition of a certain request in the process unit, and was scattered on the particle which 
is floating was measured. The wavelength from the laser light source to be used is one kind. If scattered- 
light reinforcement is predicted and it becomes large with the Rayleigh-scattering cross section when the 
particle of the measuring object-ed is smaller than the wavelength of exposure light, the Mie-scattering 
cross section will be used. Although the Mie-scattering cross section gives a strict solution, the 
expression is complicated and it is difficult for numerical calculation to take time amount and to acquire 
the information about the particle size and number density of particle from the scattered -light on-the- 
strength measurement result in real time. 

[0013] It is in offering the particle monitoring device which can amend a changed part of the scattered- 
light reinforcement by distance since the object of this invention can presume easily the generating 
point, the reaching point, and the mass of particle in view of the trouble of the above-mentioned 
conventional technology and the magnitude of particle is presumed, can expand the field which can 
apply the dispersion type of Rayleigh who can respond by simple numerical calculation, presumes the 
configuration of particle, and can presume the magnitude of particle to a precision. 
[0014] 

[Means for Solving the Problem] In a particle monitoring device which has a means by which a particle 
monitoring device of this invention introduces a laser beam into a process unit, and a means to measure 
the scattered light from particle If signal strength from an electric eye which measures the scattered light 
exceeds a predetermined value, will lengthen scattered-light incorporation time amount of an electric 
eye. Or enlarge pulse repetition frequency of a laser beam. Or a means to display a motion of particle as 
a locus of the scattered light by lengthening pulse width of a laser beam, Display in piles a straight line 
which connects the starting point and an end point of a locus on a locus, extend a straight line exceeding 
the starting point, and a generating point of particle is presumed. It has a means to extend a straight line 
across an end point, to presume a reaching point of particle, to ** length which projected a straight line 
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in the direction of a vertical by scattered-light incorporation time amount, and to presume mass of 
particle. 

[0015] Moreover, it sets to a particle monitoring device which has a means to introduce a laser beam 
into a process unit, and a means to measure the scattered light from particle. A means to arrange a mirror 
before a laser light source, to make carry out the revolution reciprocating motion of the mirror within the 
limits of predetermined angle of rotation, and to scan between wafer surface absentminded for a laser 
beam to a flabellate form in the level surface or a vertical plane, A means by which the scattered light 
which transmits an angle of rotation of a mirror to a data-processing machine from a mirror roll control 
machine, and is obtained by angle of rotation goes into each element of an electric eye by 1 to 1 
response, Distance from a center line which is the criteria location of a laser beam to an electric eye, and 
distance to an electric eye which extended a perpendicular taken down from a point generating 
[ scattered-light ] to a center line, You may have a means to convert all scattered-light reinforcement 
into reinforcement on a center line, with relational expression of distance from an intersection of a 
mirror and a perpendicular taken down from a point generating [ scattered-light ] to a center line to a 
mirror, and an angle of rotation of a mirror. 

[0016] Moreover, it sets to a particle monitoring device which has a means to introduce a laser beam 
into a process unit, and a means to measure the scattered light from particle. By arranging a mirror 
before a laser light source and carrying out the parallel displacement of the mirror A means to scan 
between wafer surface absentminded for a laser beam on a sheet band-like in the level surface or a 
vertical plane, A means by which the scattered light which transmits a location of a mirror to a data- 
processing machine from a mirror straight-line migration controller, and is obtained in a location goes 
into each element of an electric eye by 1 to 1 response, With relational expression of distance from a 
center line which is the criteria location of a laser beam to an electric eye, distance to an electric eye 
which extended a perpendicular taken down from a point generating [ scattered-light ] to a center line, 
passing speed of a mirror, and transit time of a mirror when being based on a center line You may have a 
means to convert all scattered-light reinforcement into reinforcement on a center line. 
[0017] Moreover, it sets to a particle monitoring device which has a means to introduce a laser beam 
into a process unit, and a means to measure the scattered light from particle. A means to presume 
magnitude, number density, or a refractive index of particle from scattered-light reinforcement, You 
may have a means to expand a means to compute a particle-size parameter decided by magnitude of 
particle, and wavelength of a laser beam, and a range which changes wavelength of a laser beam into 
long wavelength, and can apply Rayleigh's dispersion type if a particle-size parameter exceeds a 
predetermined value. 

[0018] Moreover, it sets to a particle monitoring device which has a means to introduce a laser beam 
into a process unit, and a means to measure the scattered light from particle. Irradiate a laser beam in the 
shape of a pulse, and scattered-light incorporation time amount of an electric eye which measures the 
scattered light is considered as a part for a number - dozens pulses. A means to display the scattered 
light by falling particle as continuation of a locus or a point, It has a means to pursue a locus of the 
scattered light within predetermined time, to analyze time amount change of scattered-light 
reinforcement, or a ratio of maximum of scattered-light reinforcement, and the minimum value, and to 
presume a configuration of particle. When a means to presume a configuration of particle has a ratio of 
maximum of scattered-light on-the-strength time amount change or scattered-light reinforcement, and 
the minimum value smaller than a predetermined value A configuration of particle is presumed to be a 
globular form. When a ratio of maximum of scattered-light on-the-strength time amount change or 
scattered-light reinforcement and the minimum value is larger than a predetermined value When it 
presumes that a configuration of particle is disc-like and it is presumed that a configuration of particle is 
disc-like, you may have a means to presume thickness of a disc of the minimum scattered-light 
reinforcement to particle for area of a disc of particle, from the maximum scattered-light reinforcement. 
[0019] That is, a particle monitoring device of this invention can presume a generating point, a reaching 
point, and mass of particle easily, since it presumes magnitude of particle, it can amend a changed part 
of scattered-light reinforcement by distance, it can expand a field which can apply a dispersion type of 
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Rayleigh who can respond by simple numerical calculation, presumes a configuration of particle, and 

can presume magnitude of particle to a precision. 

[0020] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained with 
reference to a drawing. 

[0021] (Gestalt of operation of the 1st of this invention) In order to presume the reaching point to the 
source of release and wafer of exfoliation particle, it is inadequate just to measure the scattered light 
from the particle of a certain flash, and it is necessary to pursue the locus of the scattered light within a 
certain fixed time amount. What is necessary is to make low chopping frequency of CW laser 
(Continuous Wave laser, continuous wave laser), and just to acquire the two-dimensional distribution 
image of the scattered light, or it lengthens signal incorporation time amount of a scattered-light electric 
eye when the reinforcement of the scattered light by particle exceeds predetermined it in order to realize 
this, and it raises the repeat frequency of a pulse laser. 

[0022] By using this means, the locus of the scattered light from the particle which is falling can be 
displayed on an image, and a source location and an attainment location can be presumed from the 
starting point and the end point of a locus. Furthermore, mass can be presumed by **(ing) the length of 
a locus by measurement time amount width of face. 

[0023] It is ** BE **, referring to drawing 1 about the case where the reaching point to the source of 
release and wafer of particle is presumed. 

[0024] The laser light source 1 1 consists of an YAG laser and its 2nd higher-harmonic light generator. 
Dispatch frequency is 10Hz. A laser beam 13 is 532nm, operates the shape of beam orthopedically in the 
shape of a sheet within a vertical plane, and introduces it into a process unit 19 behind. Laser beams 13 
are scattered on this interior by the particle 20 which is floating or falling. Through an interference filter 
22, the scattered light 21 is the two-dimensional photodetector 14 which is a scattered-light electric eye, 
and is measured every 5s in 100ns of gate open time amount, and the spatial distribution is displayed on 
data ****** 15. 

[0025] When it judges whether the bigger scattered light than a certain fixed value decided beforehand is 
received with the two-dimensional photodetector 14 with the data-processing vessel 15 and it is judged 
that it is a big value, a motion of particle is acquired as a locus 23 of the scattered light by making gate 
open time amount long to 200ns for the scattered-light incorporation time amount in the two- 
dimensional photodetector 14. An equivalent effect can be acquired also by carrying out a measurement 
time interval for every s instead of lengthening gate open time amount. 

[0026] Instead of changing gate open time amount and a measurement time interval, and lengthening 
scattered-light incorporation time amount, the laser oscillation controller 24 is operated and the same 
effect can be expected also by making repeat frequency of laser high to 1kHz from 10Hz, and increasing 
the count of generating of the scattered light. In the case of CW laser, the chopper which carries out 
chopping of the laser beam 13 as a laser oscillation controller 24 is used. The same effect is expectable 
also by lengthening time amount width of face of the pulsed light which made the rotational frequency 
of a chopper low, and chopping was carried out and was formed. 

[0027] In this way, it becomes possible to display dispersion on the drop of the data-processing machine 
15 as a locus 23. If the straight line which connects the starting point and the end point of this locus 23 is 
displayed on a locus 23 in piles and this straight line is made to extend exceeding the starting point, the 
source of release of particle can be presumed. On the contrary, if a straight line is extended across an 
end point, the reaching point of particle can be presumed. Furthermore, the mass of particle can be 
presumed if length which projected the straight line in the direction of a vertical is **(ed) by scattered- 
light incorporation time amount. 

[0028] Thus, by measuring the locus of the scattered light, the source of release and the reaching point 
of particle, and the mass of that can be presumed, and an amelioration indicator can be given to selection 
and the equipment configuration of the equipment material for reducing generating of particle. 
[0029] (Gestalt of operation of the 2nd of this invention) The reinforcement of the scattered light reflects 
the magnitude of particle again. On the other hand, scattered-light reinforcement is in inverse proportion 
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to the square of the distance of scatterer and a measure point. That is, although the scattered light from 
the particle of the same magnitude generates the scattered light of the same reinforcement, the scattered- 
light reinforcement which will be measured if distance with a measure point differs will change. 
Therefore, in order to presume the magnitude of particle from the two-dimensional image of scattered- 
light reinforcement, it is necessary to standardize scattered-light reinforcement in distance. How to 
realize this is explained using drawing 2 . 

[0030] The laser light source 1 1 consists of an YAG laser and its 2nd higher-harmonic light generator. 
Oscillation frequency is 10kHz. A laser beam 13 is 532nm. A laser beam 13 is reflected by the mirror 
12, and it introduces into the interior of a process unit 19. A mirror 12 is shaken at right and left of a 
center line 17. The maximum angle is 10 degrees. The revolution reciprocating motion of this mirror 12 
is carried out within the limits of a certain angle of rotation, and if particle exists in the field to which the 
two-dimensional photodetector 14 which scans between wafer surface absentminded to a flabellate form 
in the level surface expects a laser beam 13, the spatial distribution of the scattered light by it will be 
acquired. When displaying the spatial distribution of the scattered light on the data-processing machine 
15, scattered-light reinforcement is amended as follows. The angle of rotation theta of a mirror 12 is 
transmitted to the data-processing machine 15 from the mirror roll control machine 16. In the scattered 
light obtained by an certain angle of rotation theta, close comes to each element of the two-dimensional 
photodetector 14 by 1 to 1 response. 

[003 1] The scattered -light reinforcement which each element receives changes with distance. The 
scattered-light reinforcement I has the format of I=F/r2 also by Rayleigh scattering or Mie scattering. F 
is the function of the magnitude of particle, number density, and a refractive index. 
[0032] Let a center line 17 be the criteria location of a laser beam 13. The perpendicular which took 
down the distance of the two-dimensional photodetector 14 to the center line 17 from rO and the 
scattered-light source location 18 is extended from the center line 17 used as a criteria location, and 
distance to the two-dimensional photodetector 14 is set to r. Moreover, distance by the intersection of 
the perpendicular taken down from the mirror 12 and the scattered-light source location 18 to the center 
line 17 is set to L. The relation of r=r0+L-tantheta among these distance and angles is. that is, Rayleigh's 
equation — be — the equation of me be if the distance in the formula of scattered-light reinforcement 
is replaced by r, all scattered-light reinforcement is converted into the reinforcement on a center line 17, 
and can measure the reinforcement of each point of the spatial distribution of the obtained two- 
dimensional scattered light. Consequently, the magnitude of particle and number density can be 
measured now. 

[0033] (Gestalt of operation of the 3rd of this invention) With the gestalt of this operation, another case 
where scattered-light reinforcement is amended is explained, referring to drawin g 3 . In this example, a 
laser beam 13 is used as a sheet band-like in the level surface by carrying out the parallel displacement 
of the mirror 12. The laser light source to be used, wavelength, and oscillation frequency are the same as 
the case of the gestalt of the 2nd operation. 

[0034] When displaying the spatial distribution of the scattered light on the data-processing machine 15, 
scattered-light reinforcement is amended as follows. The location of a mirror 12 is transmitted to the 
data-processing machine 15 from the mirror straight-line migration controller 25. In the scattered light 
obtained in a certain location, close comes to each element of the two-dimensional photodetector 14 by 
1 to 1 response. The scattered-light reinforcement which each element receives changes with distance. 
The scattered-light reinforcement I has the format of I=F/r2 also by Rayleigh scattering or Mie 
scattering. F is the function of the magnitude of particle, number density, and a refractive index. If the 
distance from particle to a detector is calculated by setting it with the transit time when being based on 
the passing speed tcenter line 17 of the r=r0**vtv:mirror 12 in order to amend the distance r of the 
scattered-light source location 18 and the two-dimensional photodetector 14, it is convertible into the 
scattered-light reinforcement on the center line 17 of drawing 3 . That is, the reinforcement of each point 
of the spatial distribution of the obtained two-dimensional scattered light can be measured now. 
Consequently, the magnitude of particle and number density can be measured now. 
[0035] Although the gestalten 2 and 3 of operation described the case where a laser beam was scanned 
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in the shape of a sheet in the level surface, it can do similarly about the case where a laser beam is 
scanned in the shape of a sheet within a vertical plane. 

[0036] (Gestalt of operation of the 4th of this invention) Next, when presuming particle size, number 
density, etc. of particle from scattered-light reinforcement, in the field which can apply Rayleigh's 
dispersion type, it can respond by simple numerical calculation. However, if particle size becomes large, 
it will be necessary to use the dispersion type of me, and numerical calculation will take huge time 
amount. What is necessary is just to make it the field which changes the wavelength of the laser beam to 
be used into long wavelength, and can always use Rayleigh's dispersion type, if it becomes larger than 
the value of the request with the scattered-light reinforcement from particle in order to solve this. If the 
particle-size parameter (a radius and lambda are the wavelength of light for x=2pi a/lambda and a) of 
particle becomes about [ 0.7 or more ], rather than that of Mie scattering, Rayleigh-scattering light 
reinforcement will become large about 5%, and will begin to shift from true value. Then, wavelength of 
the laser beam which will be used if the particle-size parameter x becomes larger than the value which 
0.7 or a request specifies in process of data processing which advances numerical calculation, such as 
particle size and number density, using Rayleigh's scattering cross section is made into long wavelength, 
x is made small, and it can make it possible to always apply Rayleigh's dispersion type. 
[0037] With the gestalt of this operation, when presuming the magnitude of particle, number density, a 
refractive index, etc. after acquiring the reinforcement of the scattered light from particle as a two- 
dimensional image, the equipment configuration it enables it to perform by using the dispersion type of 
Rayleigh with comparatively easy numerical calculation is stated, referring to drawing 4 . 
[0038] The 1.064-micrometer laser beam from the YAG laser oscillator 26 is irradiated at the optical 
element 27 for the 2nd RF generating, and 532nm light is generated. The output side of the optical 
element 27 for second harmonic generations is equipped with the wavelength translator 28. This 
receives the signal from the data-processing machine 15, changes the light of 1.064 micrometers of 
fundamental waves and 532nm light of the YAG laser oscillator 26, and introduces the either into a 
process unit 19. 

[0039] 532nm light is introduced into a process unit 19 in the beginning. Particle exists and the scattered 
light 21 reaches the two-dimensional photodetector 14 behind through some optical elements. Numerical 
calculation is performed by the data-processing machine 15, and, as for the signal from a detector 14, 
information, such as particle size of particle and number density, is acquired. 

[0040] Into the algorithm of data processing performed with the data-processing vessel 15, if the step 
(SI) which makes a judgment with the desired value xi on a particle-size parameter x like drawing 5 is 
put in and it becomes x>=xi, the wavelength exchange style 17 will be operated, the 532nm of the 2nd 
higher-harmonic light will be cut, and 1 .064 micrometers of fundamental waves will be used (S2). On 
the other hand, if it becomes x<xi, measurement will be continued as it is using the 532nm of the 2nd 
higher-harmonic light (S3). If it is made xi= 0.7, the numerical calculation using Rayleigh's dispersion 
type can be performed in about 10% or less of precision. 

[0041] By putting in this decision, data processing which suppressed the overload to the data-processing 
machine 15 is realizable on the conditions on which Rayleigh's dispersion type is always materialized in 
measurement of the scattered light. 

[0042] Although this example described the example which changes that 2nd higher-harmonic light to 
an YAG laser, it is very good in the method of changing into long wavelength from short wavelength, 
whenever decision of x>=xi comes out from Ar-ion-laser light with two or more oscillation wavelength 
using a grating. Moreover, you may change to the laser oscillated on long wavelength whenever it 
prepares the laser light source from which the wavelength of two or more sets differs and decision of 
x>=xi comes out. Moreover, it is not necessary to fix to 0.7, and the value of xi may change and set up a 
value according to a desired precision. 

[0043] (Gestalt of operation of the 5th of this invention) Next, as for scattered-light reinforcement, 
particle changes with angles between the particle shaft orientations of arbitration, and a **** laser beam, 
when needlelike, discoid and. Then, the locus of the scattered light within a certain fixed time amount is 
pursued, and a particle configuration can be presumed if time amount change of scattered-light 
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reinforcement is analyzed. Furthermore, the magnitude of particle can be presumed more from the 

maximum and the minimum value of scattered-light reinforcement to a precision. 

[0044] It is ** BE ** about the equipment configuration which presumes a particle configuration and 

amends the magnitude of particle, number density, a refractive index, etc. with the gestalt of this 

operation after acquiring the reinforcement of the scattered light from particle as a two-dimensional 

image. 

[0045] The laser light source 1 1 consists of an YAG laser and its 2nd higher-harmonic light generator 
like the gestalt of operation of the 1st of drawing 1 . Dispatch frequency is 10Hz. A laser beam 13 is 
532nm, operates the shape of beam orthopedically in the shape of a sheet within a vertical plane, and 
introduces it into a process unit 19 behind. Laser beams 13 are scattered on this interior by the particle 
20 which is floating or falling. Through an interference filter 22, the scattered light 21 is the two- 
dimensional photodetector 14, and is measured for every s in 100ns of gate open time amount, and the 
spatial distribution is displayed on the data-processing machine 15. Thus, a motion of particle is 
acquired as a locus 23 of the scattered light which the luminescent spot followed. 
[0046] When the particle which falls in the direction of a vertical is a globular form, as for the scattered- 
light reinforcement I, particle does not change with any sense to the direction of an incidence laser 
beam. On the other hand, when particle is disc-like, the scattered -light reinforcement I changes a lot by 
which direction particle has turned to to the direction of an incidence laser beam. When the change zeta 
of the luminescent spot when the locus 23 of the scattered light continued on the strength is less than 
50%, particle considers a globular form and particle size is presumed there with the application of 
Rayleigh's dispersion type or the dispersion type of me. Moreover, when the change zeta of the 
continuous luminescent spot on the strength is 50% or more, particle considers it discoid and presumes 
the thickness of the disc of the minimum scattered-light reinforcement to particle for the area of the disc 
of particle from the maximum scattered -light reinforcement. 

[0047] the change zeta of the luminescent spot when, as for the decision criterion of a particle 
configuration, the locus 23 continued on the strength ~ it is not necessary to be -- the ratio of the 
maximum reinforcement and the minimum reinforcement ~ you may set up by delta. Moreover, it is not 
necessary to fix to 50%, and the value of zeta may change and set up a value according to a desired 
precision. 
[0048] 

[Effect of the Invention] It is effective in the ability to be able to presume [ as having explained above, 
can expand the field which can apply the dispersion type of Rayleigh who it can amend a changed part 
of the scattered-light reinforcement by distance since this invention can presume easily the generating 
point, the reaching point, and the mass of particle with the particle monitoring device which used light 
scattering measurement and presumes the magnitude of particle, and can respond by simple numerical 
calculation, presume the configuration of particle, and ] the magnitude of particle to a precision. 
[0049] Therefore, an amelioration indicator can be given to selection and the equipment configuration of 
the equipment material for reducing generating of particle. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

{PiawingJJ It is the typical block diagram of the equipment which acquires the locus of the scattered 
light which is the gestalt of operation of the 1st of this invention. 

[Drawing 2] It is the typical block diagram of the equipment which amends the scattered-light 

reinforcement which is the gestalt of operation of the 2nd of this invention. 

[Drawi ng 3] It is the typical block diagram of the equipment which amends the scattered-light 

reinforcement which is the gestalt of operation of the 3rd of this invention. 

[Drawing 4] It is the typical block diagram of the equipment for measuring in the dispersion type 

application field of Rayleigh who is the gestalt of operation of the 4th of this invention. 

[Drawing 5] It is drawing showing the flow of the data-processing algorithm inserted in order to perform 

numerical calculation in the dispersion type application field of Rayleigh who is the gestalt of operation 

of the 4th of this invention. 

[Description of Notations] 

1 1 Laser Light Source 

12 Mirror 

13 Laser Beam 

14 Two-dimensional Photodetector 

15 Data-Processing Machine 

16 Mirror Roll Control Machine 

17 Center Line 

18 Scattered-Light Source Location 

19 Process Unit 

20 Particle 

21 Scattered Light 

22 Interference Filter 

23 Locus 

24 Laser Oscillation Controller 

25 Mirror Straight-Line Migration Controller 

26 YAG Laser Oscillator 

27 Optical Element for Second Harmonic Generations 

28 Wavelength Translator 

[Translation done.] 
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DRAWINGS 
[Drawing 1] 



24 u-if 




[Drawing 2] 




15 T-9&m%i 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide the particle monitor device, which can 
readily estimate the generating point, the reaching point and the mass of a 
particle, can correct the changing amount of the scattered light caused by a 
distance for estimating the magnitude of the particle, can expand the region, 
wherein the relay scattering expression that can achieve correspondence with 
simple numerical computation can be applied, and can estimate the magnitude 
accurately by estimating the shape of the particle. 

SOLUTION: The following means are provided. In the first means, when the 
signal strength from a light receiving device 14 for measuring scattered light 
exceeds the specified value, the scattered-light accepting time of the light 
receiving device 14 is made long, or the pulse-repetition frequency of laser 
light is made large, or the pulse width of the laserl light 13 is made long and 
the movement of a particle 20 is displayed as the locus of the scattered light. 
In the second means, the straight line connecting the starting point and the 
end point of the locus is overlapped on the locus and displayed, the generating 
point of the particle is estimated by extending the straight line exceeding the 
starting point, the reaching point of the particle is estimated by extending 
the straight line exceeding the end point and the mass of the particle is 
estimated by dividing the length of the projected image of the straight line in 
the vertical direction by the scattered-light accepting time. 
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